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Electrochemical characterization of iron(III)–glycine–nitrilotriacetate (iron(III)-Gly-NTA) mix-
ed ligand complexes and determination of their stability constants and retention time in aque-
ous solutions (I = 0.1 mol dm–3 in NaClO4, pH = 8.00.1 at 251 °C), using differential pulse
cathodic voltammetry (DPCV), cyclic voltammetry (CV) and direct current (d.c.) polarography
with a static mercury drop electrode (SMDE), were performed. Iron(III) concentrations were
varied from 5×10–6 to 6×10–4 mol dm–3, NTA total concentrations varied from 2×10–5 to
1×10–3 mol dm–3 and glycine total concentrations were 0.2, 0.02 and 0.002 mol dm–3. Iron(III)
redox reaction in the mixed ligand system (by the techniques employed) was found to be a
one-electron reversible process. At total concentration ratios of 1 : 800 : 2 for iron(III), glycine
and NTA, respectively, the iron(III)-Gly-NTA mixed ligand complexes were dissolved and sta-
ble (>18 hours) in the aqueous solution. The complexes were formed either by the addition of
NTA into the iron(III) and glycine aqueous solution or by the addition of iron(III) to the mix-
ture of glycine and NTA. Under these conditions, iron(III) hydrolysis was highly suppressed.
By fitting of experimental data, the following stability constants for mixed ligand complexes,
not found in the literature so far, in 0.1 mol dm–3 NaClO4 aqueous solution were calculated: for
iron(III) log b1(FeGlyNTA
–) = 27.230.69, log b2(Fe(Gly)2NTA
2–) = 30.290.77; for
iron(II) log b1(FeGlyNTA
2–) = 14.130.43 and log b2(Fe(Gly)2NTA
3–) = 18.510.51.
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INTRODUCTION
Iron is an essential element, whose key chemical and bio-
logical functions involve oxidation/reduction processes
and interactions with oxygen1 of great biogeochemical
importance in natural aquatic systems.2,3 Also, it is one
of the most abundant metals in the Earth’s crust.4 How-
ever, very low concentrations (< 10–9 mol dm–3) of dis-
solved, mostly iron(III) organic complexes are present in
natural waters due to the low solubility of its thermody-
namically stable 3+ ionic form.5,6 Low concentrations of
dissolved iron(III) are the reason why the input rate of
bioavailable iron must exert a strong influence on oce-
anic productivity.7,8 It is therefore very important to de-
termine its chemical speciation as well as concentra-
tions. In the oceanic water column, dissolved iron is
mostly complexed with organic matter (>90 %), sug-
gesting that biological processes are limited also by in-
sufficient amounts of available iron.9,10 Ionic iron should
be dissolved during a sufficiently long period of time in
order to be available for biological growth of various or-
ganisms11–13 (bacteria, phytoplankton, algae, etc.).
One of the most utilized and studied iron(III) chelat-
ing agents is nitrilotriacetic acid (NTA) and/or its salts.14–18
Since NTA is a biodegradable molecule (aerobic as well
as anaerobic), it is used instead of phosphate as a deter-
gent builder with nontoxic glycine as an intermediary. It is
well known from the literature that NTA produces dissolv-
ed complexes with transition metals, such as iron(III).19
There are only a few papers describing the characteris-
tics of the iron(III)-NTA system by using sensitive elec-
trochemical techniques, such as differential pulse cath-
odic voltammetry (DPCV),20–22 while potentiometry and
cyclic voltammetry have been used in a larger number of
papers.16–18,23–25
It is known that some naturally occurring substances,
e.g., -amino acids, form complexes with trace metal
ions.26 Thus, it seems desirable to quantitatively estimate
the avidity of biologically significant trace metal ions such
as iron(III) for complex-forming agents such as glyci-
ne.26–28 Only a few reports deal with the voltammetric
analysis of the iron(III)-glycine system in aqueous solu-
tions with a mercury electrode.21,29 The main reason for
the lack of voltammetric experiments is the strong iron(III)
hydrolysis capacity, presuming the use of a large excess
of glycine in order to enable formation of iron(III) gly-
cine complexes and to obtain voltammetric signals.21,29
In natural water systems containing various ligands,
mixed ligand complexes are more likely to occur than
simple metal-ligand ones.30 Their quantitative character-
ization is not an easy task and is not often described in
the literature.31–34 The iron(III)-EDTA-NTA mixed ligand
complex was characterized by titration with sodium hy-
droxide.31 Mixed ligand complexes were also studied to
improve the sensitivity of voltammetric techniques by
multiple enhancement of mixed ligands complexes ad-
sorption onto the mercury drop electrode surface, known
as synergetic adsorption.35–37
In this work, formation of stable iron(III)-Gly-NTA
mixed ligand complexes enabled us to control the reten-
tion time of dissolved iron(III) by selecting appropriate
experimental conditions and to characterize them by
means of electrochemical measurements.
EXPERIMENTAL
Equipment
Experiments were performed using a -AUTOLAB multi-
mode potentiostat controlled by GPES 4.5, and a General
Purpose Electrochemical System software package through
a personal computer with a data acquisition routine (ECO
Chemie, Utrecht, The Netherlands).
The pH of the solutions was measured with a glass
electrode connected to an ATI Orion PerpHecT Meter, mo-
del 320 (Cambridge, MA, USA).
Measurements were performed in a 50-cm3 electroana-
lytical quartz cell at 251 °C. The working electrode was a
303A static mercury drop electrode (SMDE) (EG&G Prin-
ceton Applied Research, Princeton, USA) with a modified
holder of electrode components.38 The mercury drop was of
medium size, with an area of 1.55 mm2. An Ag/AgCl elec-
trode with saturated NaCl and a platinum wire were used as
reference and counter electrodes, respectively.
Electrochemical techniques applied were differential
pulse cathodic voltammetry (DPCV) with the pulse ampli-
tude, a = 25 mV; potential step increment, Einc = 2 mV; time
between pulses, tint = 0.2 s; pulse duration, tp = 0.05 s; cyclic
voltammetry (CV) with Einc = 2 mV; scan rate, n = 0.1 V s–1
and direct current polarography (d.c.) with the drop time,
td = 0.5 s and Einc = 2 mV.
Chemicals and Solutions
Stock solutions of 10–2 mol dm–3 of Fe(NO3)3  9H20 (p.a.,
Kemika, Zagreb, Croatia), 10–1 and 10–2 mol dm–3 of gly-
cine (H2NCH2COOH) (Merck, Darmstadt, Germany), 10–2
mol dm–3 of disodium nitrilotriacetate (Na2NTA) (Sigma-
Aldrich Chemie, Germany), and 7.13 mol dm–3 of NaClO4
(p.a., Fluka Chemie, Buchs, Switzerland) were prepared. All
chemicals were prepared using Milli-Q water.
Concentrations of dissolved trace metal impurities in the
supporting electrolyte (NaClO4), which could be the source
of errors, were lowered by potentiostatic electrolysis (reduc-
tion) using an EG&G potentiostat model PAR 273. Electro-
lysis was carried out at the potential of –1.25 V for at least
4 h under an N2 atmosphere.
By adding diluted s.p. HClO4 or p.a. NaOH (Merck,
Darmstadt, Germany), the pH of solutions was maintained
at 8.00.1.
RESULTS AND DISCUSSION
Characterization of Iron(III)–Glycine–Nitrilotriacetate
Mixed Ligand System
Electrochemical measurements of the dissolved iron(III)-
Gly-NTA mixed ligand system in the 0.1 mol dm–3
NaClO4 aqueous solution were performed at pH = 8.00.1
and 251 °C, using DPCV, CV and d.c. polarography.
Iron(III) concentrations were varied from 2.5×10–5 to
6×10–4 mol dm–3, NTA total concentrations varied from
2×10–5 to 1×10–3 mol dm–3 and glycine total concentra-
tions were 0.2, 0.02 and 0.002 mol dm–3.
Figure 1 shows differential pulse voltamograms of
iron(III) in a mixture of glycine (0.2 mol dm–3) and NTA
(5×10–4 mol dm–3). Mixed ligand complex reduction peak
currents dependence on iron(III) concentrations are shown
in Figure 1 (inset). Basic line (voltamogram 1) represents
the solution with both ligands present, without iron(III).
It does not contain any reduction peak which implies
electrochemical inactivity of these two ligands under the
experimental conditions applied. When iron(III) was ad-
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ded, the reduction peak potentials remained constant at
–0.112 V, indicating stability of the formed species. These
peaks were the response to iron(III) reduction in mixed
ligand complexes. Peaks are symmetrical, with identical
half-peak widths. On differential pulse voltamograms,
measurement of the half-peak width and comparison of
its value with the theory is probably the simplest way of
assessing the reversibility of the electrode process. Half-
peak width values (w1/2) of iron(III)-Gly-NTA reduction
peaks at –0.112 V in Figure 1 are 90 mV, which is, ac-
cording to the differential pulse voltammetric theory,39
characteristic of the one-electron reversible reduction
process at the mercury drop electrode. Applying small
pulse amplitudes (a < 100 mV), the w1/2 amount to 3.52
RT/nF (at 25 °C: w1/2 = 90.4/n mV, n = number of elec-
trons exchanged). Half-peak widths larger than 90.4/n mV
indicate quasi-reversible or irreversible electrode pro-
cesses. The mixed ligand complexes reduction peak cur-
rents dependence on iron(III) concentration is linear un-
til the iron(III) concentration reaches 3×10–4 mol dm–3
(Figure 1, inset). Above this iron(III) concentration, the
slope decreases until it reaches a plateau at the iron(III)
concentration of 5×10–4 mol dm–3. It can be assumed that
below 3×10–4 mol dm–3 of iron(III), free species concen-
trations of both ligands are sufficient to bind dissolved
iron(III) to the stable, electrochemically reversible mix-
ed ligand complexes. Above 3×10–4 mol dm–3 of added
iron(III), the free ligand concentration is insufficient for
complete binding of iron(III), resulting in a slope decrease.
Appearance of reduction peaks at  –0.38 V, which can be
attributed to the reduction electrode process of iron(III)-hy-
droxide complexes (Figure 1, voltamograms 4–6). When
the iron(III) concentration exceeds free ligand concentra-
tions, the hydrolysis process starts. After 16 hours (Fig-
ure 1, voltamogram 6) from the last iron(III) addition
(6×10–4 mol dm–3), the mixed ligand complex reduction
current dropped almost to half its value from voltamo-
gram 5, while the iron(III) hydroxide reduction current
increased to 512 nA. By summing up the iron(III) mixed
ligand complex (590 nA) and iron(III) hydroxide (512 nA)
current values (Figure 1, voltamogram 6), one obtains
approximately 1100 nA, practically matching the current
value of the mixed ligand complex immediately after the
last iron(III) addition (Figure 1, voltamogram 5). Peaks
at around –1.5 V in Figure 1 are a result of the two-elec-
tron reduction process of iron(II) at the mercury drop
electrode. Iron(II) was formed in the bulk of solution
from iron(III) one-electron reduction, and will be the sub-
ject of further studies.
Figure 2 shows experiments in three different per-
chlorate-water solutions: only glycine and iron (filled
circles), glycine, NTA and iron (squares) and NTA added
after 40 min into the glycine-iron mixture (empty cir-
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Figure 1. DPC voltamograms; Inset – dependence of iron(III)-Gly-
NTA peak currents on added iron(III). 0.2 mol dm–3 glycine,
510–4 mol dm–3 NTA, 0.1 mol dm–3 NaClO4; pH = 8.00.1,
Einc = 2 mV, a = 25 mV, tp = 0.05 s, tint = 0.2 s.
Figure 2. Dependences of reduction peak currents (a) and reduc-
tion peak potentials (b) on the time of experiment. Filled circles:
iron(III) + glycine; empty circles: iron(III) + glycine, NTA added
after 40 min; squares: iron(III) + glycine + NTA; c(Fe3+) =
2.510–5 mol dm–3; c(Gly) = 0.2 mol dm–3; c(NTA) = 510–4
mol dm–3; c(NaClO4) = 0.1 mol dm–3; pH = 8.00.1; technique
DPCV; Einc = 2 mV; a = 25 mV; tp = 0.05 s; tint = 0.2 s.
cles). Figure 2a represents the iron(III) mixed ligand
complex reduction current dependences on the experimen-
tal time. Iron(III) concentration was 2.5×10–5 mol dm–3,
NTA 5×10–4 mol dm–3 with 0.2 mol dm–3 of glycine in
0.1 mol dm–3 NaClO4 at pH = 8.00.1. Filled circles in
Figure 2a show reduction currents of the FeIII glycine
complex. Only a few minutes after iron(III) addition, hy-
drolysis progressed. Iron(III) showed a strong tendency
towards hydrolysis21,29 at glycine concentrations 	 0.2
mol dm–3. Approximately 3 hours after adding iron(III)
into the glycine solution, reduction signals disappeared
due to complete iron(III) hydrolysis. In Figure 2a, empty
circles show FeIII reduction current values in the experi-
ment when NTA was added about 40 minutes after
equilibration of the iron(III) and glycine mixture. Before
addition of NTA, the FeIII-glycine complex was formed
and after NTA addition, successive formation of mixed
iron(III)-glycine-NTA complexes took place. After approxi-
mately 8 hours, the mixed ligand complexes current
reaches the maximum value. It is clear that the presence
of both ligands, glycine and NTA, stabilizes dissolved
iron(III) in the solution, maintaining the peak current
(Figure 2a, empty circles) constant for more than 18 hours.
When NTA was added into the glycine aqueous solution
prior to addition of iron(III) ions, the FeIII mixed ligand
complex was formed instantaneously (Figure 2a, squares).
The presence of both ligands in the aqueous solution re-
sults in formation of the highly stable iron(III)-Gly-NTA
complex that keeps iron(III) in the solution.
Figure 2b shows the iron(III) reduction peak poten-
tial dependences on the time of experiment from Figure
2a. Full circles in Figure 2b show the iron(III) reduction
peak potentials in the glycine complex. Constant reduc-
tion potentials throughout the experiment at –0.085 V
indicate that the system does not change. In another ex-
periment, after about 40 minutes NTA was added into the
iron(III) glycine solution (Figure 2b, empty circles) and
the reduction peak potential shifted by 27 mV in the ne-
gative direction. This indicates the formation of stable
iron(III)-Gly-NTA mixed ligand complexes. These peak
potentials were constant at –0.112 V after the NTA addi-
tion. The iron(III) glycine complex tendency towards
hydrolysis was suppressed by the NTA addition (Figure
2b, empty circles). Simultaneous addition of both ligands,
glycine and NTA, into the electroanalytical cell prior to
iron(III) ions results in reduction peak potentials at about
–0.112 V (squares, Figure 2b), which did not change dur-
ing the experiment. It is presumed that the mixed ligand
system was formed immediately after the iron(III) ions
addition.
Characterization of the iron(III) redox mechanism at
the mercury drop electrode was carried out using cyclic
voltammetry. Iron(III) concentrations were 2.5×10–5 and
5×10–5 mol dm–3, glycine 0.2 mol dm–3 and NTA 5×10–4
and 1×10–3 mol dm–3 in 0.1 mol dm–3 NaClO4 at pH =
8.00.1. On cyclic voltamograms of iron(III) in the gly-
cine solution, a difference of about 60 mV between the
reduction (negative) and the oxidation (positive) peak cur-
rents39,40 was recorded. This indicates the reversible na-
ture of the iron(III) one-electron redox process in iron(III)-
glycine complexes21,29 (Figure 3, voltamogram 1). The
same happens in the experiment with the mixed ligand
system21 iron(III)-Gly-NTA (Figure 3, voltamogram 2).
Voltamograms 1 and 2 show two signals on the negative
(reduction) side and only one signal on the positive (oxi-
dation) side. The reduction signal in voltamogram 1 at
–0.125 V is the response to the iron(III) one-electron re-
duction in the glycine complex. Its corresponding posi-
tive (oxidation) peak lies at –0.065 V, with a difference
of 60 mV between them, indicating the reversible nature
of iron(III) glycine reduction. The reduction peak at
–0.38 V (voltamogram 1) corresponds to the iron(III)
one-electron reduction of hydroxide complexes, imply-
ing the strong tendency of iron(III) to hydrolyze. No oxi-
dation peak is registered on the positive side of the vol-
tamogram due to the formation of poorly soluble iron(III)
oxyhydroxides5,8,41 and their irreversible electrode reduc-
tion, described earlier.21,22 In voltamogram 2 (one-elec-
tron process of iron(III) in the mixed ligand complex),
the reduction peak at –0.156 V has the corresponding
oxidation signal at –0.097 V with almost 60 mV differ-
ence between them. This also shows the reversible char-
acter of iron(III) mixed ligand complexes. The peak at
about –0.40 V corresponds to the one-electron reduction
of the iron(III) hydroxide and this process did not have
an oxidation signal, indicating its irreversible character.
The iron(III)-NTA system (Figure 3, voltamogram 3)
showed the quasi-reversible reduction nature. Quasi-re-
versibility of the iron(III)-NTA reduction was also pointed
out earlier.16,18,21,22,25 The difference between reduction
and oxidation peaks in voltamogram 3 was about 90 mV
(–0.25 V for reduction and –0.16 V for oxidation peak),
confirming the quasi-reversible reduction character.39,40
The iron(III)-NTA reduction peak has an asymmetrical
shape. This is caused by the unstable nature of the
iron(III)-NTA system with several species involved, such
as iron(III)-(NTA)x-(OH)y mixed ligand system, iron(III)-
(NTA)x complexes and binuclear iron(III)-NTA, described
earlier.16,18,22 Voltamogram 3 in Figure 3 did not reveal
the iron(III) hydroxide reduction peak, which was over-
lapped by the asymmetrical and wide (iron(III)-NTA) re-
duction signal.
Figure 4 shows the normalized d.c. polarogram of the
iron(III)-Gly-NTA reduction and the logarithmic depen-
dence of reduction currents on the potential (inset). The
FeIII concentration was 2×10–4 mol dm–3, NTA 5×10–4
mol dm–3 with 2×10–2 mol dm–3 glycine in 0.1 mol dm–3
NaClO4 at pH = 8.00.1. Circles represent original po-
larographic data while the full line shows a simulated
polarogram42,43 for the reversible one-electron iron(III)
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reaction. Excellent matching of the theoretical model
(line) and the measured polarogram (circles) confirms
the reversible character of iron(III) reduction in the
mixed ligand complex with glycine and NTA, as con-
firmed by cyclic voltammetry measurements (Figure 3).
Logarithmic analysis of the polarogram is suitable for
testing the system reversibility39,40,42,43 as well as for de-
termining the number of electrons involved in an elec-
trode reaction. Logarithmic analysis of the polarogram
gives us the slope value of 58.80.1 mV. Dependence of
the number of electrons on the slope for the reversible
electrode reaction can be expressed as follows: slope =
(0.059 V) / n, where n is the number of electrons involved
in an electrode half-reaction (in this case n = 1). It clearly
shows that the oxidation/reduction reaction of the iron(III)-
Gly-NTA mixed ligand complexes is a one-electron, re-
versible electrode reaction.
Determination of Stability Constants for
the Iron(III)–Glycine–Nitrilotriacetate Mixed Ligand
System
As the reduction reaction of iron(III) in a mixed ligand
solution is proven to be reversible and it is assumed that
iron(III) in that solution forms mixed ligand complexes,
the procedure for their stability constants determination
was carried out. Experiments with 510–5 mol dm–3 of
iron(III) and total ligand concentration combinations
(NTAtot of 0–510–4 mol dm–3, Glytot 0.002, 0.02 and
0.2 mol dm–3 at pH = 8.00.1 in 0.1 mol dm–3 NaClO4)
resulted in the peak potential shifts as given in Table I.
The potential of the iron(III) one-electron reversible
redox system is given by the expression:44
E1/2 = E° –
RT
F( )
ln
3 2

[ ]
[ ]
Fe
Fe
2
3


(1)
where E½ is the half-wave reversible potential, which is
calculated from the equation:39 E½ = Ep + a/2 (Ep is taken
from Table I, a is the pulse amplitude); E° (0.77 V) is
the standard potential for the one-electron reduction of
the free, non-complexed Fe3+ ions vs. hydrogen elec-
trode.45 It was recalculated to the Ag/AgCl saturated ref-
erence electrode (used in the experiment), and reads
0.573 V; R = 8.314 J K–1 mol–1; F = 96 484.6 C mol–1
and T = 298.15 K. The shift of the free Fe3+ ions stan-
dard potential due to the ionic strength effect (standard
potential is given for the ionic strength 0) was estimated
to fall within the uncertainty of the peak potential deter-
mination and was not calculated as another term in the
error propagation formula.
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Figure 3. Cyclic voltamograms in 0.1 mol dm–3 NaClO4; pH =
8.0±0.1; Einc = 2 mV; scan rate, v = 0.1 V s–1: (1) 2.510–5
Fe3+ + 0.2 mol dm–3 glycine; (2) 510–5 mol dm–3 Fe3+ + 0.2
mol dm–3 glycine + 110–3 mol dm–3 NTA; (3) 510–5 mol dm–3
Fe3+ + 510–4 mol dm–3 NTA.
Figure 4. Normalized d.c. reduction polarogram of Fe3+-Gly-NTA
system; Circles – experimental polarogram, solid line – simulated
model for reversible electrode reaction, inset – dependence of the
current logarithm on potential; c(Fe3+) = 210–4 mol dm–3;
210–2 mol dm–3 glycine; 510–4 mol dm–3 NTA; 0.1 mol dm–3
NaClO4; pH = 8.00.1; td = 0.5 s; Einc = 2 mV.
TABLE I. DPCV peak potentials (Ep/V) of iron(III) (5×10–5 mol dm–3)
reduction in 0.1 mol dm–3 NaClO4 solution at pH = 8.00.1 with
various glycine and NTA concentrations
Glytot / mol dm
–3: 0.002 0.02 0.2
104  NTAtot / mol dm
–3 Ep / V
0.0 – – –0.085
0.2 –0.152 –0.129 –0.103
0.5 –0.164 –0.131 –0.113
0.8 –0.168 –0.131 –0.115
1.2 –0.167 –0.131 –0.117
2.0 –0.166 – –0.117
5.0 –0.154 –0.135 –0.116
Experimental data points were fitted to various po-
tentially possible models:
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where bi,III (i = 1, 2,..) and bj,II (j = 1, 2,…) are cumula-
tive stability constants for iron(III)-Gly-NTA complexes
and iron(II)-Gly-NTA complexes, respectively. The fol-
lowing constants were used:46,47 for glycine log K(HL) =
log (HL/L–H+) = 9.54 where HL is C2H5NO2,
log K(H2L+) = log (H2L–/HLH+) = 2.39; for NTA:
log K1 = 9.84, log K2 = 2.52, log K3 = 1.81 and log K4 =
1. Since, the condition of excess ligand is not fulfilled
for NTA, prior to fitting, the free ligand concentration
was calculated from the mass balance equations, taking
into account all the known stability constants of iron
with glycine,21,29 NTA21,22 and hydroxides,46 and with
the stability constants estimations for mixed ligand com-
plexes.
The fitting program was designed in Microsoft® Ex-
cel 2002 for fitting in three dimensions with two inde-
pendent variables (Glyfree and NTAfree) vs. E. The re-
sults of fitting to the model with two iron(III) complexes
and two iron(II) complexes were found to be the best.
Fitting models presented in two dimensions by solid
lines and experimental points presented by symbols (tri-
angles –0.2, circles –0.02 and filled circles –0.002 mol
dm–3 of glycine) are shown in Figure 5, proposing the
following stability constants:
For iron(III) complexes:
log b1 =
[ ]
[ ] [ ] [ ]
–FeGlyNTA
Fe Gly NTA3+ – 3–
= 27.23  0.69 (3)
log b2 =
[ ]
[ ] ([ ]) [ ]
Fe(Gly) NTA
Fe Gly NTA
2
2–
3+ – 3–2
= 30.29  0.77 (4)
and for iron(II) complexes:
log b1 =
[ ]
[ ] [ ] [ ]
FeGlyNTA
Fe Gly NTA
2–
2+ – 3–
= 14.13  0.43 (5)
log b2 =
[ ]
[ ] ([ ] ) [ ]
Fe(Gly) NTA
Fe Gly NTA
2
3–
2+ – 3–2
= 18.51  0.51 (6)
where  values are the standard errors obtained by tak-
ing into account the propagation of errors due to the
peak potential read out and fitting uncertainties of each
parameter. The obtained high values of the stability con-
stants are in accordance with the disappearance of the
iron(III)-NTA reduction peak, whose stability constant is
three orders of magnitude lower, and also with success-
ful competition with iron(III) hydroxo complexes that
without the presence of the mixed ligand complexes rap-
idly precipitate and eliminate iron from the solution.
CONCLUSIONS
The iron(III)-Gly-NTA mixed ligand complexes in a 0.1
mol dm–3 NaClO4 aqueous solution at pH = 8.00.1 and
251 °C using differential pulse cathodic voltammetry
(DPCV), cyclic voltammetry (CV) and direct current (d.c.)
polarography, have been characterized. Iron(III) concen-
trations were varied from 510–6 to 610–4 mol dm–3,
NTA total concentrations varied from 210–5 to 110–3
mol dm–3 and glycine total concentrations were 0.2, 0.02
and 0.002 mol dm–3.
In the above mentioned concentration ranges, new dis-
solved mixed ligand complexes were formed either by ad-
dition of NTA into the solution with iron(III) and glycine
or by the addition of iron(III) into the glycine and NTA
mixture. They express fast equilibration, stability and re-
tention in the soluble phase during the experiment (>18
hours for total iron(III), glycine and NTA concentration
ratios of 1 : 800 : 2, respectively).
Reduction of iron(III) in mixed ligand complexes
shows the one-electron reversible character, like the
iron(III) reduction in glycine complexes, while the
iron(III) reduction in complexes with NTA only exhibits
the quasi-reversible one-electron electrode reaction.
By fitting of experimental data, the following stability
constants for iron(III) mixed ligand complexes, not report-
ed in the literature so far, in 0.1 mol dm–3 NaClO4 aqueous
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Figure 5. Dependences of E on log NTAfree for the calculated
stability constants obtained by a single three dimensional fitting –
solid lines; experimental points for total glycine concentrations in
mol dm–3: 0.2 – triangles, 0.02 – circles, 0.002 – filled circles.
solution, were calculated: for iron(III) log b1(FeGlyNTA–)
= 27.230.69, log b2(Fe(Gly)2NTA2–) = 30.290.77;
for iron(II) log b1(FeGlyNTA2–) = 14.130.43 and log
b2(Fe(Gly)2NTA3–) = 18.510.51.
Further experiments are foreseen to examine the
bioavailability of these and analogous systems in model
and natural aquatic systems.
Acknowledgement. – Financial support of the Ministry of
Science, Education and Sports of the Republic of Croatia
(through Grant No. 0098121) is gratefully acknowledged.
REFERENCES
1. W. G. Sunda and S. A. Huntsman, Mar. Chem. 50 (1995)
189–206.
2. W. Schneider, Chimia 42 (1988) 9–20.
3. S. J. Ussher, E. P. Achterberg, and P. J. Worsfold, Environ.
Chem. 1 (2004) 67–80.
4. A. L. Crumbliss and J. M. Garrison,Comments Inorg. Chem.
8 (1988) 1–26.
5. R. H. Byrne, Y. R. Luo, and R. W. Young, Mar. Chem. 70
(2000) 23–35.
6. F. J. Millero, Geochem. Trans. 2 (2001) 57–64.
7. J. H. Martin and S. E. Fitzwater, Nature 331 (1988) 341–
343.
8. X. Liu and F. J. Millero, Mar. Chem. 77 (2002) 43–54.
9. M. Gledhill and C.M. G. van den Berg,Mar. Chem. 47 (1994)
41–54.
10. E. L. Rue and K. W. Bruland, Mar. Chem. 50 (1995) 117–
138.
11. A. L. Crumbliss, Coord. Chem. Rev. 105 (1990) 155–179.
12. T. van Oijen, M. J. W. Veldhuis, M.Y. Gorbunov, J. Nishio-
ka, M. A. van Leeuwe, and H. J. W. de Baar,Mar. Chem. 93
(2005) 33–52.
13. Y. Noiri, I. Kudo, H. Kiyosawa, J. Nishioka, and A. Tsuda,
Prog. Oceanogr. 64 (2005) 149–166.
14. G. Schwarzenbach and J. Heller,Helv. Chim. Acta 34 (1951)
1889–1900.
15. E. Bottari and G. Anderegg,Helv. Chim. Acta 50 (1967) 2349–
2356.
16. R. J. Motekaitis and A. E. Martell, J. Coord. Chem. 31 (1994)
67–78.
17. J. Sanchiz, S. Dominguez, A. Mederos, F. Brito, and J. M.
Arrieta, Inorg. Chem. 36 (1997) 4108–4114.
18. J. Sanchiz, P. Esparza, S. Dominguez, F. Brito, and A. Me-
deros, Inorg. Chim. Acta 291 (1999) 158–165.
19. J. Stary, Anal. Chim. Acta 28 (1963) 132–149.
20. J. Zarebski, Fresenius Z. Anal. Chem. 356 (1996) 299–302.
21. V. Cuculi}, PhD Thesis, University of Zagreb, Zagreb 2003
(in Croatian).
22. V. Cuculi}, I. Pi`eta, and M. Branica, Electroanalysis 17
(2005) 2129–2136.
23. J. P. Costes, J. B. Tommasino, B. Carre, F. Soulet, and P. L.
Fabre, Polyhedron 14 (1995) 771–780.
24. H. Nie, S. M. J. Aubin, M. S. Mashuta, C. Wu, J. F. Richard-
son, D. N. Hendrickson, and R. M. Buchanan, Inorg. Chem. 34
(1995) 2382–2388.
25. P. S. Verma, R. C. Saxena, and A. Jayaraman, Fresenius Z.
Anal. Chem. 357 (1997) 56–60.
26. A. Albert, Biochem. J. 47 (1950) 531–536.
27. D. D. Perrin, J. Chem. Soc. (1958) 3125–3128.
28. G. Anderegg, Inorg. Chim. Acta 121 (1986) 229–231.
29. V. Cuculi}, I. Pi`eta, and M. Branica, J. Electroanal. Chem.
583 (2005) 140–147.
30. R. H. Byrne andW. L. Miller, in: M. L. Sohn (Ed.),Organic
Marine Geochemistry, ACS Symposium Series Vol. 305,
1986, p. 358.
31. Y. J. Israeli, Nature 201 (1964) 389–390.
32. M. Zeli}, Anal. Chim. Acta 271 (1993) 275–285.
33. M. Zeli}, Anal. Chim. Acta 281 (1993) 435–442.
34. C. Garnier, I. Pi`eta, S. Mounier, V. Cuculi}, and J. Y. Be-
naïm, Anal. Chim. Acta 538 (2005) 263–271.
35. M. Mlakar and M. Branica, J. Electroanal. Chem. 256 (1988)
269–279.
36. M. Mlakar and M. Branica, Mar. Chem. 46 (1994) 61–66.
37. V. Cuculi}, M. Mlakar, and M. Branica, Anal. Chim. Acta
339 (1997) 181–186.
38. D. Omanovi}, @. Peharec, I. Pi`eta, G. Brug, and M. Bra-
nica, Anal. Chim. Acta 339 (1997) 147–153.
39. A. M. Bond,Modern Polarographic Methods in Analytical
Chemistry, Marcel Dekker, New York, 1980, p. 250.
40. J. Wang, Analytical Electrochemistry, John Wiley & Sons,
New York, 2000.
41. M. Davranche and J. C. Bollinger, J. Colloid. Interface Sci.
232 (2000) 165–173.
42. D. Omanovi} and M. Branica, J. Electroanal. Chem. 543
(2003) 83–92.
43. D. Omanovi} and M. Branica, J. Electroanal. Chem. 565
(2004) 37–48.
44. D. R. Crow, Polarography of metal complexes, Academic
Press, London, 1969.
45. P. W. Atkins, Physical Chemistry, 6th ed., Oxford Univer-
sity Press, Oxford, 1998.
46. R. M. Smith and A. E. Martell, Critical Stability Constants,
Plenum Press, Oxford, 1976.
47. T. Kiss, I. Sovago, and A. Gergely, Pure Appl. Chem. 63
(1991) 597–638.
IRON(III)–GLYCINE–NITRILOTRIACETATE COMPLEXES 47
Croat. Chem. Acta 79 (1) 41–48 (2006)
SA@ETAK
Elektrokemijska karakterizacija mije{anih kompleksa `eljeza(III) s glicinom
i nitrilotriacetatom i njihova stabilnost u vodenim otopinama
Vlado Cuculi} i Ivanka Pi`eta
Elektrokemijski su karakterizirani mije{ani kompleksi `eljeza(III) s glicinom i nitrilotriacetatom (FeIIIGly-
NTA), te su odre|ene njihove konstante stabilnosti i vrijeme zadr`avanja u vodenim otopinama (I = 0,1 mol dm–3
u NaClO4, pH = 8,0±0,1 pri 25±1 °C) diferencijalnom pulsnom katodnom voltametrijom (DPKV), cikli~kom
voltametrijom (CV), te polarografijom s izravnim uzorkovanjem struje na elektrodi s vise}om `ivinom kapi.
Koncentracije `eljeza(III) mijenjane su od 5×10–6 do 6×10–4 mol dm–3, ukupne koncentracije NTA od 2×10–5 do
1×10–3 mol dm–3, dok su ukupne koncentracije glicina bile 0,2, 0,02 i 0,002 mol dm–3. Redoks reakcija `elje-
za(III) u sustavu mije{anih liganada (uporabljenim tehnikama) bila je jednoelektronski reverzibilni proces. Pri
omjeru totalnih koncentracija 1 : 800 : 2 (`eljezo : glicin : NTA), FeIIIGlyNTA kompleksi su otopljeni i stabilni
(>18 sati) u vodenoj otopini. Kompleksi su formirani kako dodatkom NTA u vodenu otopinu `eljeza(III) i glicina
tako i dodatkom `eljeza(III) u smjesu glicina i NTA. Pod ovim uvjetima hidroliza `eljeza(III) je u ve}oj mjeri
sprije~ena. Primjenom eksperimentalnih podataka izra~unate su konstante stabilnosti kompleksa mije{anih
liganada u 0,1 mol dm–3 NaClO4, koje do sada nisu opisane u literaturi: za `eljezo(III) log b1(FeGlyNTA
–) =
27,23±0,69 i log b2(Fe(Gly)2NTA
2–) = 30,290,77; za `eljezo(II) log b1(FeGlyNTA
2–) = 14,13±0,43 i
log b2(Fe(Gly)2NTA
3–) = 18,510,51.
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